Considering that the production of grains is a characteristic closely related to meiotic behavior, the purpose of the present study was to evaluate some oat cultivars recommended for the Oat culture plays an increasingly important role as a winter crop in the southern region of Brazil. The main reasons for the wide expansion of the cultivated area in Brazil over the last 20 years could be attributed to the increasing use of oats in human alimentation, to the creation of more productive varieties by breeding and to a more efficient crop management (Floss et al. 1989) .
Oat culture plays an increasingly important role as a winter crop in the southern region of Brazil. The main reasons for the wide expansion of the cultivated area in Brazil over the last 20 years could be attributed to the increasing use of oats in human alimentation, to the creation of more productive varieties by breeding and to a more efficient crop management (Floss et al. 1989) .
The southern region has a temperate climate with a well-defined cold season, does not suffer from water deficit in this period of the year and the soils show adequate depth for the cultivation of winter cereals. The combination of these factors makes this region ideal for oat cultivation (Almeida 1998) . In Parana state, the greatest production is concentrated in the area of influence of the Cooperativa Agraria Mista de Entre Rios (municipality of Guarapuava). Seventeen cultivars have been recommended for cultivation in the southern region.
According to Federizzi et al. (1995) , after the introduction of a cultivar in the market, it is necessary to accompany its performance along years, because not all cultivars present the same useful life. Although presenting some interesting agronomic traits, some varieties lose productivity over a few years. The oat varieties recommended for the southern region have presented a differential rate of seed production. Considering that grain production is a characteristic closely related to meiotic behavior, the purpose of the present study was to evaluate some oat cultivars recommended for this area in order to determine if those that currently do not display a good performance have meiotic irregularities that might impair the production of viable gametes. Despite the importance of this cere- somes and bridges in anaphase (Fig. 1C) , and micronuclei in telophase (Fig. 1D) . In second division, the abnormalities were similar those observed in meiosis I. Micronuclei were observed in prophase, precocious chromosome migration to the poles in metaphase (Fig. 1E ), laggards and brigdes in anaphase (Fig. 1F ), and micronuclei in telophase (Fig. 1G ). As a consequence of these irregularities during meiotic division, micronuclei were observed also in tetrads ( Fig. 1H ) and microspores ( Fig. 1I ).
Other less frequent meiotic abnormalities were also observed in some cultivars. In UFP 7, UFP 13, UFP 14, UFRGS 10 and CTC 1 different manifestations of chromosome stickiness were observed. In some cases, the stickiness involved all chromosomes, giving rise to a single chromatin cluster ( Fig. 2A) , whereas in others the stickiness involved chromatin of adjacent microsporocytes. In these cases, it was possible to observe microsporocytes with a differential amount of genetic material. In the plants affected by stickiness, pollen grains with pycnotic nuclei were observed (Fig. 
2B).
Another meiotic abnormality observed at low frequency was the occurrence of chromatin transfer between microsporocytes, i.e., cytomixis. This abnormality occurred among microsporocytes of two plants of cultivars UFP 7, UFP 13 and in one plant of the UFP 14 cultivar. In some cases, cytoximis occurred among microspores (Fig. 2C) .
Mixoploidy was observed only in one cultivar, UFRGS 15, i.e., polyploid microsporocytes were observed in the same anther together with the normal diploid ones (Fig. 2D, E) . Due to the elevated chromosome number, the ploidy level of these microsporocytes could not be evaluated. In the mixoploidy plants, large and abnormal microspores were observed (Fig. 2F) .
Pollen fertility was high in all cultivars. Table 1 shows that the percentage of sterile pollen grains ranged from 0.81 in UFP 16 to 3.68% in UFP 7. Analysis of variance did not show significant differences among cultivars for this trait. Productivity data showed that there was a marked difference among cultivars (Table 1) . When cultivated without fungicide application, the most productive cultivar (UFRGS 16) produced 2,601 kg/ha, and the least productive one (UFP 13), 820 kg/ha. However, the cultivars analyzed showed differential resistance to the fungus Puccinia coronata and, when cultivated in the presence of a fungicide, their productivity was higher (Table 1) .
The Pearson correlation test applied to the traits analyzed showed no correlation among them. Analysis of Table 1 shows the absence of correlation between meiotic abnormality, pollen sterility and productivity. The low productivity of UFP13 (820 kg/ha) may be explained by the fact that this cultivar showed the highest frequency of cells with meiotic abnormalities (24.94%). However, the low frequency of pollen sterility in this cultivar (2.34%) does not justify such a marked reduction in productivity. can oats (A. sativa, A. sterilis) in a study conducted on lines of both species ana on intra-ana interspecific hybrids. More recently, Guillin et al. (1995) analyzed the lines and hybrids of an Argentinian oat breeding program. The abnormalities found in our study were very similar to those observed in the cited investigations. The most frequent meiotic abnormality observed in the cultivars was related to irregular segregation of univalent chromosomes. Univalents may originate from the absence of crossing-over in pachytene or from the presence of synaptic mutants. Analysis of microsporocytes in pachytene showed perfect chromosome pairing, but in diplotene and diakinesis small numbers of univalent pairs were observed, suggesting the absence of crossing-over in some bivalents. The number of univalents migrating precociously to the poles in metaphase I was higher than that observed in diakinesis. Chiasmata are responsible for the maintenance of bivalents which allow perfect chromosome segregation to occur. The 12 cultivars presented a high chiasma frequency, with a mean of 42 chiasmata per microsporocyte at diakinesis, and most bivalents presented two terminal chiasmata. When a bivalent shows only terminal chiasmata it can suffer complet terminalization until metaphase I, giving rise to univalents. This phenomenon was observed in Aptenia cordifolia (Pagliarini 1990) , and caused pollen sterility. An increase in the frequency of univalents in metaphase I in relation to diakinesis was also observed in the lines and hybrids of A. sativa and A. sterilis analyzed by McMullen et al. (1982) . In the Argentinian lines and hybrids of A. sativa analyzed by Guillin et al. (1995) , although chiasma frequency was lower than in the present varieties, univalent chromosomes were not observed. The other meiotic abnormality related to chromosome segregation, i.e., the presence of nonoriented bivalents on the equatorial plate at metaphase I, is common among plants. It was observed in Chlorophytum comosum (Pagliarini et al. 1993) , some Paspalum species (Adamowski 1998 , Adamowski et al. 2000 and soybean (Bione et al. 2000) . The inability of chromosomes to congreagate on the equatorial plate may be related to the kinetochore. Nicklas and Ward (1994) enumerated some factors that can impair the attachment of kinetochores to the spindle fibers. In the Argentinian. oats, Guillin et al. (1995) detected many non-oriented bivalents on the equatorial plate and the observations showed that they were not attached to the spindle fibers.
Univalent chromosomes, in general, present precocious migration to the poles and are not included in the nucleus. In these cases, they give rise to micronuclei. Micronuclei were very common among the varieties analyzed here and also in the lines and hybrids of oats analyzed by McMullen (1982) . When both univalents of one chromosome pair migrate to the same pole, they give rise to aneuploid nuclei (n+ 1 and n-1). This kind of abnormality was frequent in the oats studied by Guillin et al. (1995) . Thus, by giving origin to micronuclei or aneuploid nuclei, univalents are greatly responsible for pollen sterility. Non-oriented bivalent can also not be included in the nuclei, giving origin to micronuclei. In these cases, as the bivalent contains the homologue, both telophase nuclei will be aneuploid (n-1). But, if the bivalent is included in one of the telophase nuclei, this nucleus will present an extra chromosome and the other nucleus will be deficient. Thus, non-oriented bivalents always give origin to unbalanced gametes, impairing pollen fertility.
Many bridges were abundantly observed in anaphases I and II. Bridges can originate in different ways. They can result from structural chromosome rearrangement, but in this case they are generally unique, rarely occur and are accompanied by fragments. This kind of bridge was found among the hybrids of A. sativa and A. sterilis analyzed by McMullen et al. (1982) . In the cultivars analyzed here, many bridges could be seen in one microsporocyte and fragments were never ob-served. Bridges can also result from chromosome stickiness. In these cases they can be multiple , but persist, in general, until telophase or later meiotic phases, a fact not observed in the cultivars analyzed. Thus, we speculate that these bridges may originate because of late chiasma terminalization due to heterochromatic regions.
Sticky chromosomes were first reported in maize (Beadle 1932) and are seen as intense chromatin clustering. The phenotypic manifestation of stickiness may vary from mild, when only a few chromosomes of the genome are involved, to intense, with the formation of pycnotic nuclei that may involve the entire genome, culminating in chromatin degeneration. In the oat cultivars , stickiness showed intense manifestation, sometimes involving chromatin of adjacent microsporocytes . Chromosome stickiness may be caused by genetic or environmental factors. Several agents have been reported to cause chromosome stickiness, including X-rays , gamma rays, temperature, herbicides and some chemicals present in soil (Caetano-Pereira et al. 1995) . Genetically controlled stickiness has been described in other cultivated plants such as maize (Beadle 1932 , Golubovskaya 1989 , Caetano-Pereira et al. 1995 , pearl millet (Rao et al. 1990 ) and wheat (Zanella et al . 1991) . Chromosome stickiness was observed only in 5 cultivars among the 12 analyzed here. Since all cultivars were cultivated at the same time, under the same environmental conditions, the results suggest that the affected ones had a differential genetic constitution and are susceptible to stickiness. Although many studies have reported the occurrence of chromosome stickiness, the primary cause and biochemical basis of this phenomenon are still unknown. Some hypotheses have been suggested to explain this phenomenon (Gaulden 1987 , Al Achkar et al. 1989 . Gaulden (1987) postulaled that sticky chromosomes may result from defective non-histone proteins involved in chromosome organization which are necessary for chromatid separation and segregation. By impairing chromosome segregation and leading to the formation of pycnotic nuclei accompanied by chromatin degeneration, the stickiness observed in many species has been considered the cause of pollen sterility. In the oats varieties affected by this abnormality, at least part of the sterile pollen grains could be justified on the basis of chromosome stickiness.
Mixoploidy, i.e., the occurrence of diploid and polyploid microsporocytes in the same anther , observed only in the cultivar UFGRS 15, is a rare phenomenon in higher plants (Caetano-Pereira et al. 1998 ). According to Nirmala and Rao (1996) , some hypotheses could explain the occurrence of microsporocytes with different chromosome numbers in anthers. The event may originate from cytomixis, syncythia, defective cytokinesis and spindle irregularities in the premeiotic mitosis . It is often found associated with the occurrence of polyploidy, hybridity, chemicals and, in some cases, it is genetically controlled. As the oat cultivars were cultivated under the same environmental conditions, the mixoploidy found in UFRGS 15 suggests a genetic control. Mixoploidy is a cytogenetic phenomenon of great importance with practical and evolutionary implications. In sexually propagated species, it can produce gametes with variable chromosome numbers with addition or loss of chromosomes. These plants, in turn, may be of low fertility due to meiotic irregularities . Abnormal microspores were observed in affected oat plants.
Irregularities in meiosis may affect gamete viability, compromising plant fertility. The evaluation of pollen fertility in the oat cultivars showed low pollen sterility (0.81 to 3.68%) for a high rate of meiotic abnormality (6.92 to 24.94%). In the lines and hybrids of A. sativa and A . sterilys analyzed by McMullen et al. (1982) , pollen sterility was reduced but compatible with the rate of meiotic abnormalities. The absence of correlation between pollen sterility and meiotic abnormalities may be caused, at least in part, by the fact that the test of pollen fertility was done in young anthers, i.e., after meiosis.
Seed production by sexually propagated plants depends on double fertilization and fertile pollen grains. Correlation between meiotic abnormalities and productivity has been found in many species, but in the oat cultivars studied here there was not correlation. Only for the less productive cultivar, UFP 13, could the meiotic abnormality explain the reduction in seed production, because 25% of the microsporocytes presented some meiotic abnormality. Absence of correlation among meiotic abnormalities and fertility has been found in some polyploid species (Sisodia et al. 1970 , Merker 1971 , Del Duca 1976 , including hexaploid oats (Rajhathy and Thomas 1974) and is explained by the buffering effect of polyploidy (MacKey 1954) , that compensates, at least in part, for the loss of genetic material. For diploid species, the loss or the gain of chromosomes, in general, is lethal. Although the meiotic irregularities observed in the oat varieties studied here can cause pollen sterility, the main factor responsible for reduced seed production was attack by the fungus Puccinia coronata f. sp. Avenae. Comparative studies of the productivity of these cultivars with an without fungicide application (Almeida et al. 1998 ) showed a strong difference among them in seed production ( Table 1 ). The application of fungicide greatly elevated productivity in all cultivars.
